Background: Asian centers have consistently reported superior gastric cancer outcomes. Our study examines gastric cancer survival among different races and ethnicities in a large, heterogeneous USA population. (MS 32.7 versus 18.8, 19 .9 and 18.9 months, respectively; log-rank P values < 0.001). Multivariate Cox regression analysis showed that Asians had improved probability of survival after surgery (HR 0.79, 95% CI 0.71-0.88; P < 0.001).
introduction
Gastric adenocarcinoma is the second leading cause of cancerrelated deaths worldwide [1] . Despite high incidence of gastric cancer, Asian countries have consistently reported superior gastric cancer outcomes [1] . Potential racial disparities in gastric cancer survival are manifest when comparing 5-year survival in Japan (40%-60%) to that in the United States and Europe (15%-20%) [2] [3] [4] [5] [6] [7] [8] . The relative poor survival in the United States remains despite a decline in the incidence of gastric cancer over the past 50 years [2] . A better understanding of the factors that may engender racial and ethnic disparities in gastric cancer outcomes appears necessary to potentially improve outcomes for patients at risk.
An explanation for disparate gastric cancer outcomes between Eastern and Western countries has included inherent differences in biologic behavior. Distinct anatomic patterns in the location of gastric cancers between Eastern and Western patients support potential differences in tumor biology [9] [10] [11] [12] [13] . Specifically, the incidence of gastric cardia (i.e. proximal) tumors dominates in Western countries, whereas noncardia (i.e. distal) tumors comprise the majority of gastric cancers in Asia [3] . Aside from potential biologic factors, Japanese and Korean surgeons have attributed higher Asian survival to their performance of radical gastric cancer surgery, i.e. extended lymphadenectomy [8, 14, 15] . However, prospective randomized controlled trials (RCTs) failed to clearly demonstrate a survival benefit for radical surgical techniques in non-Asian populations [16, 17] . As a result, these trial results have been downplayed and attributed to Western surgeon inexperience with radical gastric surgery and to its postoperative care [1, 18, 19] .
The significance of substantiating racial and ethnic disparities in gastric cancer outcomes is highlighted by the essential role of multidisciplinary management of gastric cancer. Surgery alone is insufficient even for patients with limited disease amenable to curative surgical resection. Moreover, RCTs have demonstrated survival advantage in patients successfully completing multimodal treatment regimens [20] [21] [22] . These trials were conducted in largely homogeneous populations and did not address race or ethnicity as potential confounding factors [19, 23] . Accordingly, the objective of our study was to characterize the role of race and ethnicity in determining gastric cancer outcomes in the United States. We analyzed patients with gastric adenocarcinoma from the heterogeneous and culturally diverse Los Angeles County population to establish whether disparities in gastric cancer outcomes exist among different racial and ethnic groups.
patients and methods

Los Angeles County Cancer Surveillance Program
The Los Angeles County Cancer Surveillance Program (CSP) is the population-based cancer registry for Los Angeles County. By 1972, the registry captured nearly complete incidence (99%) of cancer diagnoses in Los Angeles County. The CSP database includes information on patient demographics, tumor characteristics, staging, treatment modalities and patient follow-up. Data are obtained from the medical record or death certificate for each case and computerized using C/NET, a software package developed for tumor registries. The quality of data is maintained through periodic training programs for hospital registrars and field abstractors, reabstraction of a 10% sample of cases from each reporting facility, reviews for completeness of case finding and computer edits for completion and consistency by the California Department of Health Services. Institutional Review Board approval was obtained from City of Hope and State of California for the conductance of this study.
CSP tumor coding
Gastric cancer location, histology, staging, differentiation and tumor behavior were coded and reported according to the International Table 1 . Whites (39%; N = 4846) and Blacks (11%; N = 1402) comprised the largest and smallest race groups, respectively. The majority (66%) of the tumors were noncardia in location and approximately half (54%) of the patients underwent curative-intent surgical resection. Although a majority of patients presented with regional (36%) or distant (34%) disease, only a small percentage received chemotherapy (31%) or radiation therapy (14%). By 13 April 2008, 82% (N = 10 697) of the patients were deceased.
comparison of the entire patient cohort by race and ethnicity
The comparison of clinical and pathologic characteristics among race and ethnic groups is presented in Figure 1A ). Controlling for location of tumor (i.e. cardia and noncardia), survival was compared by race and ethnicity. Asians Figure  1B ) and noncardia tumors (MS 19.6 versus 9.2, 10.9 and 8.6 months, respectively; P < 0.001) ( Figure 1C ).
univariate and multivariate analysis of the entire cohort
Univariate analysis was carried out to identify clinical and pathologic factors that predict improved survival; all but one (i.e. chemotherapy) was associated with statistically significant differences in survival (Table 3) . By multivariate Cox regression analysis, controlling for established prognostic factors, Asian race was an independent predictor of improved survival (HR 0.74, 95% CI 0.69-0.79; P < 0.001). Age, gender, tumor location, grade, stage, surgery and chemotherapy also independently predicted survival for the entire patient cohort.
characteristics and comparison of the surgical cohort
The clinical and pathologic characteristics of the surgical cohort are presented in Table 4 . Whites (38%; N = 2571) and Blacks (10%; N = 673) comprised the largest and smallest race groups, respectively. The majority of tumors was poorly differentiated and was frequently associated with LN metastasis. Only 30% of gastric cancer operations had retrieval of >15 LN. At the last follow-up date (i.e. 13 April 2008), a larger proportion of Asians (35%) were still alive compared with Whites (17%), Hispanics (26%) and Blacks (19%) (P < 0.001). Asians had smaller tumors, decreased rate of LN metastasis, greater number of LN retrieved and higher rate of localized disease than Whites, Hispanics and Blacks (P < 0.001) ( Table 5 ).
survival analysis for the surgical cohort
When the surgical cohort was stratified by race and ethnicity, Asians demonstrated better survival compared with Whites, Hispanics and Blacks (MS 32.7 versus 18.8, 19.9 and 18.9 months, respectively; P < 0.001) (Figure 2A Figure 2B ) and noncardia tumors (MS 34.5 versus 20.3, 22.1 and 19.8 months, respectively; P < 0.001) ( Figure 2C ). We then controlled for LN retrieval (i.e. 1-15 and >15 LN) and compared survival by race and ethnicity. Asian race again demonstrated significantly longer survival for LN retrieval of 1-15 (MS 36.5 versus 19.6, 20.8 and 20.5 months, respectively; P < 0.001) ( Figure 2D ) and >15 (MS 30.2 versus 20.2, 23.6 and 21.8 months, respectively; P < 0.001) ( Figure 2E ).
univariate and multivariate analysis of the surgical cohort
Univariate analysis was carried out to identify clinical and pathologic factors that predict improved survival. All the factors except for LN retrieval and chemotherapy were associated with statistically significant differences in survival (Table 6) . By multivariate Cox regression analysis, controlling for established prognostic factors, Asian race was an independent predictor of improved survival (HR 0.79, 95% CI 0.71-0.88; P < 0.001). Age, gender, tumor location, histology, grade, stage, LN metastasis, LN retrieval, chemotherapy and radiation therapy also independently predicted survival for the surgical cohort.
discussion
The Los Angeles County population is an excellent resource to investigate the potential effects of race and ethnicity on [24] . Additionally, the percentage of Asians in Los Angeles is about threefold higher than in the general USA population [24] . Within this setting, we investigated the potential association of race and ethnicity with gastric cancer survival and observed improved survival for Asian-Americans compared with Whites, Blacks and Hispanics. This outcome strongly indicates the existence of racial and ethnic disparities in gastric cancer survival in the Los Angeles County population.
Our data should be carefully weighed in light of recent debates regarding differences in outcomes between Eastern and Western nations [1, 4, 19] . Rather than considering potential racial disparities, the arguments have largely focused on issues regarding surgical technique. Asian surgeons, primarily from Japan and Korea, have been fierce proponents of radical gastric surgery with extended lymphadenectomy [4, 25] . Using this aggressive surgical approach, Asian surgeons have reported outstanding early and late results for their patients with gastric cancer [4, 26] . In contrast, the outcomes from Western countries, where extended lymphadenectomy has not been widely practiced, have been inferior in comparison [27, 28] . Our study may, in part, address this issue. Since our entire patient population received their care in Los Angeles County hospitals, the explanation of survival disparities as a result of surgical technique may not be applicable.
Although our study did not permit accurate identification of the specific surgical technique employed (i.e. radical surgery or extended lymphadenectomy), we can infer from the average LN retrieval (i.e. N = 11 in Whites and N = 13 in Asians) that extended lymphadenectomy was not routinely carried out in Los Angeles County hospitals. Generally, average LN retrieval is >25 to 30 when extended lymphadenectomy is carried out [4, 19, 26] . Furthermore, there was no improvement in 5-year survival for patients with increased LN retrieval (23.2 versus 24.1 months for 1-15 versus >15 LN retrieved, respectively; P = 0.06), thus indicating that extent of surgery has minimal, if any, role in the observed racial and ethnic disparities in gastric cancer survival.
Differing tumor biology has also been proposed as a potential explanation for the observed racial disparities in survival [29] . The higher incidence of distal gastric tumors in Asians compared with the other groups appears to support this theory [30] . A number of studies have implicated cardia tumor location as an independent predictor of worse survival, primarily attributable to increased morbidity and mortality associated with surgical resection of proximal compared with distal tumors [29, 31] . However, Black patients in our study cohort had the second lowest incidence of cardia tumors, yet their outcomes were uniformly among the worst. Indeed, tumor location alone is likely not the primary underlying etiology for improved outcomes in Asians, who had improved gastric cancer survival regardless of tumor location (Figures 1B and C, and 2B and C).
Other studies have shown that race and ethnicity may play a role in gastric cancer presentation and outcome [28] . Gill et al. [23] noted that while Asian patients were younger, they had higher rates of distal tumors. Theuer et al. [28] also observed a higher incidence of local disease and corresponding lower incidence of distant disease in Asian patients. Both studies showed a significant 5-year survival advantage for Asians compared with non-Asians [23, 28] . Al-Refaie et al. [30] also examined potential racial and ethnic disparities in gastric cancer survival and raised whether ethnic-, socioeconomic-or treating facility-related factors affected treatment of patients with gastric cancer in the United States. A recent report noted that 23% of Asians in California are uninsured and less likely to receive preventive (16) 100 (20) 281 (21) 216 (15) Tumor histology <0.001
Adenocarcinoma 1918 (75) 500 (74) 1237 (70) 1307 (73) Mucinous 165 (6) 46 (7) 80 (5) 97 (5) Signet ring cell 488 (19) 127 (19) 441 (25) 393 (22 In summary, using the heterogeneous, culturally diverse Los Angeles County population, we present the largest study on racial and ethnic disparities in survival for primary and metastatic gastric cancer. We observed Asian race to be a significant independent predictor of survival for gastric cancer. Furthermore, our study results indicate that standards of care, which have been drawn from randomized controlled trials carried out in homogeneous populations may not directly apply to all racial and ethnic groups. Potential racial and ethnic differences in gastric cancer tumor biology may impact therapeutic response. Therefore, a better understanding of the potential genetic and molecular differences among racial and ethnic groups should be investigated. 
